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$EVWUDFW
,QWKLVZRUND%HWDW\SH6WLUOLQJHQJLQHZLWKUKRPELFGULYHLVVLPXODWHGDQGRSWLPL]HGXVLQJ06&$'$06VRIWZDUHWRHQKDQFH
HQJLQHSHUIRUPDQFH6FKPLGWPRGHO LV DGRSWHG WRGHWHUPLQH WKH LQVWDQWDQHRXVJDVSUHVVXUH+HQFH WKH H[HUWHG IRUFHVRQ WKH
SRZHUSLVWRQFDQEHFDOFXODWHG7KHPRGHOLVGHVLJQHGZLWKORZWRPRGHUDWHWHPSHUDWXUHGLIIHUHQFHLQRUGHUWRIDFLOLWDWHWKHXVH
RI ORZ FRVW HYDFXDWHG WXEHV VRODU FROOHFWRU 7KLV LV LQ FRQWUDVW WR WKH XVH RI KLJK FRVW GRXEOH D[HV WUDFNLQJ SDUDEROLF GLVK
FRQFHQWUDWRU WKDW UHVXOWV KLJK WHPSHUDWXUH GLIIHUHQFH $OO JDV IRUFHV IULFWLRQ IRUFHV DW MRLQWV PDVVHV DQG LQHUWLDV DV ZHOO DV
WHPSHUDWXUHVRIH[SDQVLRQDQGFRPSUHVVLRQFKDPEHUVZHUHFRQVLGHUHG LQ WKHPRGHO6LPXODWLRQDWGLIIHUHQWH[WHUQDO ORDGVDUH
FDUULHG RXW DQG3RZHU6SHHG FXUYHV IRU WKH HQJLQH DUH REWDLQHG7KH SHUIRUPDQFH RSWLPL]DWLRQ EDVHG RQ WKH G\QDPLFPRGHO
REWDLQHGIURPWKHVRIWZDUHLVIRUPXODWHG7KHGLPHQVLRQVRIDOOUKRPERLGPHFKDQLVPOLQNVGLDPHWHUVRIGLVSODFHUDQGSLVWRQ
DQG WKH OHQJWKRIGLVSODFHUDUHVHWDV WKHGHVLJQYDULDEOHV7KHPDVVHVDQG WKH LQHUWLDVRI WKH OLQNVDUH VHWDV IXQFWLRQRI WKHLU
OHQJWKVWRDFFRXQWIRUWKHYDULDWLRQRIWKHOLQNV¶GLPHQVLRQVGXULQJRSWLPL]DWLRQ7KHPDVVRIWKHZRUNLQJJDVLVNHSWFRQVWDQWWR
PDLQWDLQ WKH LQSXW HQHUJ\ DW FHUWDLQ YDOXH 5HVXOWV VKRZHG WKDW D JUHDW LQFUHDVH LQ WKH RXWSXW SRZHU FRXOG EH DFKLHYHG E\
RSWLPL]LQJWKHJHRPHWULFDOSDUDPHWHURIWKHHQJLQHGULYH
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH³3HWUX0DLRU´8QLYHUVLW\RI7LUJX0XUHV)DFXOW\RI(QJLQHHULQJ
.H\ZRUGV6WLUOLQJHQJLQH5KRPELFGULYH'\QDPLFVLPXODWLRQ


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,QWURGXFWLRQ
&RQFHQWUDWHGVRODUSRZHU&63LVFRQVLGHUHGRQHRIWKHSURPLVLQJWHFKQRORJLHVIRUUHQHZDEOHSRZHUJHQHUDWLRQ
WRDVVLVWLQVROYLQJWKHHQHUJ\DQGSROOXWLRQSUREOHPV

1RPHQFODWXUH
3303E 3UHVVXUHPD[LPXPSUHVVXUHDQGEXIIHUSUHVVXUH
9F9H9N9K9U&RPSUHVVLRQH[SDQVLRQFRROHUKHDWHUDQGUHJHQHUDWRUYROXPH
:V::I 6KDIWZRUNLQGLFDWHGZRUNDQGIRUFHGZRUN
7F7H7N7K7U &RPSUHVVLRQH[SDQVLRQFRROHUKHDWHUDQGUHJHQHUDWRUWHPSHUDWXUH
Ĳ 7HPSHUDWXUHUDWLR 7N7K
9'90 'HDGYROXPHDQGPD[LPXPYROXPH
99 3LVWRQVZHSWYROXPHGLVSODFHUVZHSWYROXPH
Ȥ 'HDGYROXPHUDWLR 9'9
Θ 6ZHSWYROXPHUDWLR 99
Į 3KDVHDQJOH
( 0HFKDQLVPHIIHFWLYHQHVV
ǑV 6SHFLILFVKDIWZRUN

6WLUOLQJHQJLQHLVFRPPRQO\XVHGDVKLJKHIILFLHQW3RZHU&RQYHUVLRQ8QLW3&87KLVHQJLQHZDVLQYHQWHGLQ
E\5REHUW6WLUOLQJEDVHGRQPRGLILFDWLRQVRI&DUQRW
VF\FOH6WLUOLQJHQJLQHFDQRSHUDWHE\DQ\H[WHUQDOKHDW
VRXUFHZKLFKFRXOGEHVRODUUDGLDWLRQRUELRPDVVFRPEXVWLRQRUDQ\ZDVWHKHDWIURPLQGXVWULDODSSOLFDWLRQV>@,Q
6FKPLGW>@GHYHORSHGVHFRQGRUGHULVRWKHUPDOPRGHOIRULGHDO6WLUOLQJHQJLQHZKLOH)LQNHOVWHLQSURSRVHG
DQDGLDEDWLFPRGHO
7KHPHFKDQLFDOFRQILJXUDWLRQVRI6WLUOLQJHQJLQHDUHGLYLGHGLQWRWKUHHJHQHUDOJURXSV$OSKD%HWDDQG*DPPD
DUUDQJHPHQWV (DFK DUUDQJHPHQW KDV D VHULHV RI KHDWHU UHJHQHUDWRU DQG FRROHU >@/RZ 7HPSHUDWXUH 'LIIHUHQFH
/7'0RGHUDWH7HPSHUDWXUH'LIIHUHQFH07'DQG+LJK7HPSHUDWXUH'LIIHUHQFH+7'6WLUOLQJHQJLQHVZRUNDW
KHDWHUWHPSHUDWXUHRI&&DQG&UHVSHFWLYHO\>@
5KRPELF GULYH PHFKDQLVP ZDV GHYHORSHG E\ 3KLOLSV &RPSDQ\ DQG KDV EHHQ DGRSWHG IRU %HWD W\SH 6WLUOLQJ
HQJLQH>@7KHPDLQDGYDQWDJHRIWKLVPHFKDQLVPLVWKHHOLPLQDWLRQRIWKHWUDQVYHUVDOIRUFHVH[HUWHGIURPWKHSLVWRQ
DW WKH F\OLQGHU 7KLV OHDGV WR GHFUHDVH WKH IULFWLRQDO IRUFHV EHWZHHQ WKH SLVWRQ DQG WKH F\OLQGHU 7KH PDLQ
GLVDGYDQWDJH RI WKH PHFKDQLVP LV WKH H[LVWHQFH RI PDQ\ PRYLQJ SDUWV :KLFK QHHG FDUHIXO DQG DFFXUDWH
PDQXIDFWXULQJDQGPDWLQJ>@
6HQIW >@ SURSRVHG WKH FRQFHSW RI WKH IRUFHG ZRUN DQG IRUPXODWHG WKH VKDIW ZRUN :V DV D IXQFWLRQ RI WKH
LQGLFDWHGZRUN:DQGWKHIRUFHGZRUN:IDQGWKHPHFKDQLVPHIIHFWLYHQHVV(>@
&KHQJHWDO>@FDUULHGRXWDWKHRUHWLFDODQGH[SHULPHQWDOLQYHVWLJDWLRQRQUKRPELFGULYHEHWDW\SH6WLUOLQJHQJLQH
7KHHIIHFWRIFKDQJLQJWKHUHJHQHUDWRUZLUHPHVKHVDQGFKDUJLQJKDYHEHHQWHVWHGZLWKGLIIHUHQWKHDWHUWHPSHUDWXUHV
DQGGLIIHUHQWW\SHVRIZRUNLQJJDV+HDOVRFRPELQHGDG\QDPLFPDWKHPDWLFDOPRGHOZLWKDWKHUPRG\QDPLFPRGHO
>@ DQG DSSOLHG D SDUDPHWULF VWXG\ WR REWDLQ WKH RSWLPXPYDOXH RI GHVLJQ SDUDPHWHUV EDVHG RQ QRQGLPHQVLRQDO
PDWKHPDWLFDOPRGHO>@
7RJK\DQLHWDO>@DSSOLHGPXOWLREMHFWLYHRSWLPL]DWLRQPRGHORQUKRPELFGULYH6WLUOLQJHQJLQHWRHQKDQFHWKH
SHUIRUPDQFH RI WKH HQJLQH7KH REMHFWLYHV WR EHPD[LPL]HGZHUH WKH RXWSXW SRZHU DQG WKH HIILFLHQF\ZKLOH WKH
GHVLJQYDULDEOHVZHUHKHDWVRXUFHWHPSHUDWXUHVWURNHPHDQHIIHFWLYHSUHVVXUHDQGWKHHQJLQHIUHTXHQF\
7KH SUHVHQW ZRUN LV DQ DSSURDFK WR RSWLPL]H DOO WKH LQIOXHQWLDO JHRPHWULFDO SDUDPHWHUV VLPXOWDQHRXVO\ 6XFK
DSSURDFKKDVQRW EHHQ FRQVLGHUHG LQ WKHSUHYLRXVO\ OLWHUDWXUH7KHPRGHO LV EDVHGRQ6FKPLGW¶V DQDO\WLFDOPRGHO
LQFRUSRUDWHGZLWK6HQIW¶VVKDIWZRUNWKHRU\$QLQLWLDOPRGHOLVGHVLJQHGDQGDQRSWLPL]DWLRQRIDOOUKRPELFGULYH
GLPHQVLRQVLVFDUULHGRXWWRPD[LPL]HWKHRXWSXWSRZHUIRUFHUWDLQLQSXWWKHUPDOHQHUJ\
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0RGHOLQJ
7KH SUHOLPLQDU\PRGHO RI WKH 6WLUOLQJ HQJLQH LV GHVLJQHG EDVHG RQ >@ DV VKRZQ LQ )LJ  7DEOH VKRZV WKH
GHVLJQSDUDPHWHUVRIWKHSUHOLPLQDU\PRGHOZKLFKDUHGHILQHGLQ)LJ
7DEOH'HVLJQSDUDPHWHUVRIWKHSUHOLPLQDU\PRGHO
3DUDPHWHU 9DOXH 3DUDPHWHU 9DOXH
3RZHUFDSDFLW\: 8SWR *HDUUDGLXV5PP 
3LVWRQGLDPHWHU'PP  /EPP 
&UDQNOHQJWK5GPP  /GPP 
/PP  /SPP 
/PP  /WPP 
/PP  +HDWHUWHPSHUDWXUH. 
/PP  &RROHUWHPSHUDWXUH. 

D

E

)LJD3UHOLPLQDU\PRGHOGHVLJQHGE\&DWLD9VRIWZDUHDQGEG\QDPLFPRGHOXVLQJ06&$'$06VRIWZDUHIRUUKRPELFGULYH6WLUOLQJ
HQJLQH
$FFRUGLQJWR6FKPLGWLVRWKHUPDOPRGHOWKHDVVXPSWLRQVRIWKHPRGHODUH
 7KHSUHVVXUHLVXQLIRUPWKURXJKRXWWKHZKROHVSDFHVLQVLGHWKHF\OLQGHU
 7KHFRPSUHVVLRQDQGH[SDQVLRQFKDPEHUVDUHLVRODWHG
 7KHZRUNLQJJDVEHKDYHVDVLGHDOJDV
 7KHWHPSHUDWXUHYDULHVOLQHDUO\WKURXJKWKHUHJHQHUDWRUIURPWKHKHDWHUWHPSHUDWXUHWRWKHFRROHUWHPSHUDWXUH
7KHJDVSUHVVXUHLQVLGHWKHF\OLQGHULVFDOFXODWHGZLWKWKHDLGRIHTQ7KHYROXPHYDULDWLRQRIWKHH[SDQVLRQ
DQGFRPSUHVVLRQVSDFHV9HDQG9FFDQEHREWDLQHGIURPHTQVDQG7KHV\PEROV/W/G/S/E<GDQG<SDUH
LQGLFDWHGLQ)LJ
ܲ ൌ ܴ݉ ሺ ௛ܸ ௛ܶΤ ൅ ௞ܸ ௞ܶΤ ൅ ௥ܸ ௥ܶΤΤ ൅ ௖ܸ ௖ܶΤ ൅ ௘ܸ ௘ܶΤ ሻ 
௘ܸ ൌ ܣௗሺܮ௧ െ ܮௗ െ ܮ௕ െ ݕௗሻ  
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௖ܸ ൌ ܣ௣ሺݕௗ ൅ ܮ௕ െ ܮ௉ െ ݕ௣ሻ  
7KHJDVIRUFHDSSOLHGRQWKHWRSVLGHRIWKHSLVWRQLV3$SZKHUHDVWKHEXIIHUIRUFHDSSOLHGRQWKHERWWRPVLGHRI
WKHSLVWRQLV3E$S3EPHDQYDOXHLVWDNHQDVWKHPHDQSUHVVXUHLQVLGHWKHF\OLQGHU3EYDULDWLRQLVGHWHUPLQHGE\HTQ
DQG9FULVWKHPLQLPXPYROXPHRIWKHFUDQNFDVHZKHQWKHSLVWRQLVLQWKHORZHVWSRVLWLRQ
௕ܲ ൌ ݉௕ܴ ௞ܶȀ ௕ܸ  
௕ܸ ൌ ஼ܸ௥ ൅ ݕ௣ܣ௣  

7KHPDVVRIZRUNLQJJDVLVNHSWDWFRQVWDQWYDOXHGXULQJWKHRSWLPL]DWLRQLQRUGHUWRSUHVHUYHWKHLQSXWWKHUPDO
HQHUJ\DWFHUWDLQYDOXH7KLVOHDGVWRYDULDWLRQRIWKHFKDUJHSUHVVXUHLQVLGHWKHF\OLQGHUZLWKYDULDWLRQRIWKHWRWDO
YROXPHRIWKHF\OLQGHU
7KHIULFWLRQFRHIILFLHQWDWDOOUHYROXWHMRLQWVLVDQGIRUWKHSULVPDWLFMRLQWV
$QDSSOLHGWRUTXHORDGLVVHWDWGLIIHUHQWYDOXHVDQGWKHRXWSXWSRZHULVUHFRUGHGIRUHDFKWRUTXHORDG
,QRUGHUWRUHSUHVHQWWKHUKRPERLGOLQNVDVGHVLJQYDULDEOHVWKHMRLQWORFDWLRQVDUHUHSUHVHQWHGDVVKRZQLQ)LJ
7KHGHVLJQYDULDEOHVDUH3;3;3;3<3;3</G':KHUH/GLVWKHGLVSODFHUOHQJWKDQG'LVWKHSLVWRQ
GLDPHWHU



)LJ6FKHPDWLFGLDJUDPIRUUKRPELFGULYH6WLUOLQJHQJLQH )LJ7KHMRLQWVFRRUGLQDWHVRIWKHUKRPERLGOLQNVUHSUHVHQWLQJGHVLJQ
YDULDEOHV
&RQVWUDLQWVUHODWLQJWKHGHVLJQYDULDEOHVDUHIRUPXODWHGWRHQVXUHSURSHURSHUDWLRQRIWKHUKRPELFGULYHDV
݈ଷ െ ܴௗ ൒ ݈ଵ ʹΤ െ ܴDQG݈ସ െ ܴௗ ൒ ݈ଶ ʹΤ െ ܴ  
7DEOHVKRZVWKHLQLWLDOYDOXHVRIWKHGHVLJQYDULDEOHVDQGWKHYDULDWLRQUDQJH


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7DEOH7KHGHVLJQYDULDEOHVUDQJHV
'HVLJQYDULDEOH ,QLWLDOYDOXHPP 0LQLPXPYDOXHPP 0D[LPXPYDOXHPP
3;   
3;   
3;   
3<   
3;   
3<   
/G   
'   
7KH FUDQN LV JLYHQ DQ LQLWLDO URWDWLRQDO VSHHG WR VWDUW XS WKH PRGHO VLPXODWLRQ 1RWLQJ WKDW WKH VWHDG\ VWDWH
URWDWLRQDOVSHHGRIWKHPRGHOGHSHQGVRQO\RQWKHDSSOLHGWRUTXHORDG1HYHUWKHOHVVYHU\ORZLQLWLDOVSHHGFDXVHV
WKHPRGHOWRIOXFWXDWHLQVWHDGRIURWDWLQJ7KHLQLWLDOVSHHGLVVHWDVUSP
7KHRXWSXWSRZHULVUHFRUGHGDWGLIIHUHQWWRUTXHORDGVIRUWKHSUHOLPLQDU\PRGHODQGWKHSRZHU±VSHHGFXUYHLV
HVWDEOLVKHG7KHLQLWLDOPRGHOLVRSWLPL]HGZLWKWKHRXWSXWSRZHUDVWKHREMHFWLYHIXQFWLRQDQGZLWKWKHSUHYLRXVO\
PHQWLRQHGGHVLJQYDULDEOHVDQGFRQVWUDLQWV7KHRSWLPL]DWLRQDOJRULWKPLV237'(643DOJRULWKPZKLFKLVEXLOWLQ
WKH06&$'$06VRIWZDUH
7KH RSWLPL]DWLRQ UHVXOWV DUH UHSRUWHG DQG WKH RSWLPL]HG PRGHO LV VLPXODWHG 7KH QHZ SRZHUVSHHG FXUYH LV
HVWDEOLVKHGDWGLIIHUHQWWRUTXHORDGV
5HVXOWVDQG'LVFXVVLRQ
7KHUHVXOWVRI WKHVLPXODWLRQVKRZHGDJUHDWHQKDQFHPHQWRIHQJLQHSHUIRUPDQFH,W LVFOHDUWKDW WKHRSWLPL]HG
GHVLJQKDYHKLJKHUSRZHU WKDQ WKH LQLWLDO GHVLJQ IRU WKH VDPHDPRXQW RI WKHZRUNLQJ JDV VDPHDPRXQW RI LQSXW
WKHUPDOHQHUJ\
7KH SUHOLPLQDU\ GHVLJQ SURGXFHV D PD[LPXP SRZHU RI : DW  USP ZKHUHDV WKH RSWLPL]HG GHVLJQ
SURGXFHVDPD[LPXPSRZHURI:DWUSPZLWKDERXWLQFUHDVHSHUFHQWDJH7KLVFDQEHFRPSDUHG
ZLWKDQHQJLQHKDV WKH VDPH LQLWLDOGHVLJQRSHUDWHVDWKHDWHU WHPSHUDWXUHRI&DQGFKDUJHSUHVVXUHRIEDU
SURGXFLQJDQRXWSXWSRZHURI:DVSURYHGLQ>@7KLVPHDQVWKDW WKHRSWLPL]HGGHVLJQFDQDFKLHYHWKHVDPH
SRZHUUDQJHRIWKHLQLWLDOGHVLJQEXWLQORZHUWHPSHUDWXUHGLIIHUHQFHDQGFKDUJHSUHVVXUH)LJVKRZVWKHSRZHU
FXUYH IRU WKH LQLWLDODQGRSWLPL]HGGHVLJQVDW WKHSHDNSRZHURIHDFKZKLOH)LJVKRZVD UHFRUGIRU WKHRXWSXW
SRZHUDWGLIIHUHQWURWDWLRQDOVSHHGV

D

E

)LJ0D[LPXPSRZHUIRUD,QLWLDOGHVLJQSRZHUDWWRUTXHORDG1PP6SHHGUSPERSWLPL]HGGHVLJQSRZHUDWWRUTXHORDG
1PP6SHHGUSP
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
)LJ3RZHU±6SHHGFXUYHFRPSDULVRQEHWZHHQWKHLQLWLDOGHVLJQDQGWKHRSWLPL]HGGHVLJQ
)LJVKRZVWKH39FXUYHIRUWKHLQLWLDODQGRSWLPL]HGGHVLJQV7KHPD[LPXPYROXPHRIWKHPRGHOLVLQFUHDVHG
IURPFP WRFPZLWKLQFUHDVHSHUFHQWDJH7KHPHDQSUHVVXUHGHFUHDVHGIURPEDU WREDU
ZLWKGHFUHDVHSHUFHQWDJH7DEOHVKRZVDFRPSDULVRQEHWZHHQ WKHGHVLJQSDUDPHWHUVRI WKH LQLWLDODQG WKH
RSWLPL]HGPRGHOV


)LJ39FXUYHFRPSDULVRQEHWZHHQWKHLQLWLDOGHVLJQDQGWKHRSWLPL]HGGHVLJQV
7KH JUHDW LQFUHDVH LQ SRZHU FDQ EH H[SODLQHG E\ WKH HIIHFW RI FRPSUHVVLRQ UDWLR GHDG YROXPH UDWLR DQG
SUHVVXUL]DWLRQ 5HJDUGLQJ 7DEOH  D QRWLFHDEOH LQFUHDVH DFKLHYHG LQ WKH FRPSUHVVLRQ UDWLR IURP  WR 
$FFRUGLQJWRILJWKHPD[LPXPVKDIWZRUNLQFUHDVHVZLWKKLJKUDWHZLWKLQWKLVUDQJHRIFRPSUHVVLRQUDWLRYDOXHV
7KHSHUFHQWDJHRIWKHLQFUHDVHRIVKDIWZRUNLVDERXWEHWZHHQDQGYDOXHVRIFRPSUHVVLRQUDWLRDW
WHPSHUDWXUHUDWLRĲ 
$FFRUGLQJWR6HQIW¶VVKDIWZRUNWKHRU\WKHVKDIWZRUNFDQEHUHSUHVHQWHGDVIXQFWLRQRIWKHFRPSUHVVLRQUDWLRU
DVVKRZQLQHTQV
௦ܹ ൌ ܧܹ െ ሺଵா െ ܧሻ ௙ܹ  D
௙ܹ ൌ ܴ݉ ௛ܶሾ݈߬݊߬ െ ሺͳ ൅ ߬ሻሾ݈݊ሺͳ ൅ ߬ሻ െ ݈݊ሺͳ ൅ ݎሻሿ െ ݈݊ݎሿ E
ܹ ൌ ܴ݉ ௛ܶሺͳ െ ߬ሻ݈݊ݎ  F
$QRWKHU UHDVRQ RI WKH RXWSXW SRZHU LQFUHDVH LV WKH SUHVVXUL]DWLRQ HIIHFW 7DNLQJ LQWR FRQVLGHUDWLRQ WKDW WKH
DPRXQWRIZRUNLQJJDVLVFRQVWDQW IRUDOOGHVLJQVDQGWKHRSWLPL]HGGHVLJQKDVVPDOOHUYROXPHWKHLQLWLDOFKDUJH
SUHVVXUHRI WKHZRUNLQJ JDV LV LQFUHDVHG DV UHFRUGHG LQ7DEOH7KHGHDGYROXPH UDWLR Ȥ DOVRKDV DQRWLFHDEOH
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HIIHFW RQ WKH VKDIWZRUN7KH GHDG YROXPH UDWLR YDULHG IURP IRU WKH LQLWLDOPRGHO WR  IRU WKH RSWLPL]HG
PRGHO7KLVYDULDWLRQFDQFDXVHDQLQFUHDVHRIWKHVSHFLILFVKDIWZRUNE\DERXWDVVKRZQLQ)LJ
2QFRQWUDVWRIWKHSUHYLRXVHIIHFWVWKHVZHSWYROXPHUDWLRDQGSKDVHDQJOHYDULDWLRQKDYHPLQLDWXUHHIIHFWRQWKH
RXWSXWSRZHU7KHVZHSWYROXPHUDWLRԔYDULHGIURPIRULQLWLDOPRGHOWRWKHIRUWKHRSWLPL]HGPRGHO7KH
GLVSODFHPHQWSKDVHDQJOHĮYDULHGIURPIRUWKHLQLWLDOPRGHOWRIRUWKHRSWLPL]HGPRGHO
7KHRSWLPL]HGPRGHO VKRXOGEH FDUHIXOO\GHVLJQHG WR DYRLG OLQNDJH FROOLVLRQGXH WR WKHJHRPHWULFDO FRQGLWLRQ
VKRZQLQ)LJ7KHPLQLPXPGLVWDQFHEHWZHHQWKHFUDQNVHQGVDPLQLVUHGXFHGIURPPPLQWKHLQLWLDOPRGHOWR
PPLQWKHRSWLPL]HGPRGHO7KHOLQNDJHVKRXOGEHGHVLJQHGLQGLIIHUHQWSODQHVWRDYRLGWKHFROOLVLRQEHWZHHQ
WKHRSSRVLWHFUDQNVZLWKWKHGLVSODFHUURGDQGZLWKHDFKRWKHU


)LJ7KHHIIHFWRIFRPSUHVVLRQUDWLRRQWKHVKDIWZRUNDWGLIIHUHQWWHPSHUDWXUHUDWLRVDQG( 
7DEOH&RPSDULVRQEHWZHHQWKHJHRPHWULFDOSDUDPHWHUVRIWKHLQLWLDODQGRSWLPL]HGGHVLJQV
 ,QLWLDOGHVLJQ 2SWLPL]HGGHVLJQ
3UHVVXUHUDQJHEDU  
0D[LPXPYROXPHFP  
6ZHSWYROXPHFP  
6ZHSWYROXPHUDWLR  
&RPSUHVVLRQUDWLR  
'HDGYROXPHUDWLR  
////PP  
5G5/G'PP  
3KDVHDQJOHGHJ  
0D[LPXPSRZHUVSHHG:DWWUSP  


)LJ7KHHIIHFWRIGHDGYROXPHUDWLRȤRQWKHVSHFLILFVKDIWZRUN:VP57K
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)LJ*HRPHWULFDOFRQGLWLRQDWSKDVHDQJOH7KHULJKWILJXUHLVIRUWKHLQLWLDOPRGHOZLWKDPLQ PP7KHOHIWILJXUHLVIRUWKHRSWLPL]HG
PRGHOZLWKDPLQ PP
&RQFOXVLRQ
$'\QDPLFVLPXODWLRQDQGRSWLPL]DWLRQIRU UKRPELFGULYH6WLUOLQJHQJLQHKDYHEHHQFDUULHGRXW7KHPRGHO LV
HVWDEOLVKHGZLWKWKHDLGRI06&$'$06VRIWZDUH6FKPLGWWKHUPRG\QDPLFPRGHOKDYHEHHQDGRSWHGWRREWDLQWKH
JDVSUHVVXUH LQVLGH WKHF\OLQGHU7KH IRUFHVGXH WR WKHUPRG\QDPLFF\FOH IRUFHVGXH WREXIIHU VSDFHFKDUJLQJDQG
MRLQWVIULFWLRQDOIRUFHVDUHFRQVLGHUHGLQWKHPRGHO$QRSWLPL]DWLRQSURFHVVLVFDUULHGRXWEDVHGRQ237'(6643
RSWLPL]DWLRQDOJRULWKP7KHRSWLPL]HGPRGHO LV VLPXODWHGDQGDFRPSDULVRQZLWK WKH LQLWLDOGHVLJQ LVFDUULHGRXW
7KHUHVXOWVVKRZWKDWWKHRSWLPL]HGPRGHOYROXPHLVLQFUHDVHGE\ZLWKUHVSHFWWRWKHLQLWLDOPRGHOYROXPH
7KHRXWSXWSRZHULQFUHDVHGIURP:WR:7KHPRVWLQIOXHQWLDOSDUDPHWHUVLVWKHFRPSUHVVLRQUDWLRZKLFK
LQFUHDVHVIURPWRWKHGHDGYROXPHUDWLRZKLFKLVUHGXFHGIURPWRDQGWKHSUHVVXUL]DWLRQRIWKH
HQJLQH F\OLQGHU ZLWK PHDQ SUHVVXUH GHFUHDVH ZLWK RI  $ FDUIXO GHVLJQ LV QHFHVVDU\ WR DYRLG WKH OLQNDJH
FROOLVLRQ
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